Antimicrobial resistance is a well-documented public health crisis that seriously threatens patient outcomes and national security. Further, the World Health Organization has recognized antimicrobial resistance as a threat to global stability [1] . The overuse and misuse of antimicrobial agents are key drivers of the development of resistance. Antimicrobial stewardship programs (ASPs) optimize patient outcomes while minimizing unintended consequences of antimicrobial use. Antimicrobial stewardship has been defined as "coordinated interventions designed to improve and measure the appropriate use of antimicrobial agents by promoting the selection of the optimal antimicrobial drug regimen including dosing, duration of therapy, and route of administration. " [2] Given new regulatory requirements and political support for stewardship, healthcare facilities will benefit from expert guidance to develop and improve ASPs. Effective ASPs use the expertise and essential contributions of multiple experts including physicians, pharmacists [3] , nurses [4] , microbiologists, and infection preventionists. With this white paper (outline of paper in Table 1 ), the Infectious Diseases Society of America (IDSA), the Society for Healthcare Epidemiology of America (SHEA), and the Pediatric Infectious Diseases Society (PIDS) demonstrate how infectious diseases (ID) physicians are uniquely qualified to develop and lead multidisciplinary teams across all healthcare settings.
The following clinical vignette is an example of how the lack of ID physician leadership of an ASP may contribute to a poor clinical outcome for an individual patient, to an extended and likely poorly reimbursed length of stay, and to collateral damage to the larger patient community. At the end of this white paper, an alternative vignette highlights the potential positive impact of an ID physician-led ASP.
Case Vignette
A 60-year-old man with type II diabetes mellitus was admitted from home with the diagnosis of severe sepsis. Blood cultures were obtained, broad-spectrum antimicrobials were started in the emergency department, and the patient was admitted to the intensive care unit (ICU). The next day, the blood cultures grew highly susceptible bacteria as determined by a new polymerase chain reaction-based rapid identification method. The pharmacist charged with managing the hospital's ASP appropriately recommended a change to a narrower-spectrum antimicrobial. However, the patient's physician was reticent to act on advice of a nonphysician and continued broad-spectrum antimicrobials. The pharmacist was frustrated as she did not have an ID physician leader to help support her recommendation by reaching out to this provider. While the patient was recovering from the bloodstream infection, he developed Clostridium difficile colitis. Due to severe colonic inflammation, the patient next developed a second bloodstream infection, this time caused by an intestinal organism that was highly antimicrobial resistant, another consequence of broad-spectrum antimicrobial use. Although he eventually was stabilized after a 3-week hospital stay, he was unable to care for himself at home and was sent to a long-term care facility. While there, his C. difficile was transmitted to his roommate, whose discharge was delayed due to this complication.
ID physicians form the frontline for diagnosing and treating complex infections, prescribing antimicrobial agents, and managing the impact of their use. Their clinical practice requires them to build strong relationships with facility leaders and physicians across many specialties and to facilitate team-based care. Many ID physicians' leadership skills have already been recognized through their roles as hospital epidemiologists, infection preventionists, and quality improvement and patient safety directors in many institutions. ASPs develop health system-based guidance on antimicrobial prescribing built on local susceptibility and microbiology data and perform interventions through which they provide direct feedback to physicians regarding antimicrobial choices. On the basis of their leadership experience, system-wide relationships, and medical training, many ID physicians are well suited to lead multidisciplinary ASP teams.
NATIONAL POLICY CONTEXT
The federal government recognizes the potential of ASPs to improve patient outcomes and reduce the development of antimicrobial resistance. In 2014, the Centers for Disease Control and Prevention (CDC) published its "Core Elements of Hospital Antibiotic Stewardship Programs" [5] and subsequently published similar documents geared toward long-term care and outpatient facilities [6, 7] . The initial document summarizes fundamental components of successful hospital-based programs and complements the guidelines on ASPs from IDSA and SHEA (Table 2 ). The CDC document notes that ASPs should have a single leader with accountability and that physician-led programs have demonstrated success.
The Joint Commission published a new antimicrobial stewardship standard, effective 1 January 2017, that requires hospitals, critical access hospitals, and nursing care centers to establish and maintain ASPs that are aligned with the CDC core elements. Further, the standard calls for an ID physician to serve on the ASP team and reiterates CDC's assertion that physician leadership is effective [8] .
However, current data from the CDC's National Healthcare Safety Network suggests that almost half of acute care hospitals do not yet have an ASP and that the proportion of other healthcare facilities (eg, outpatient clinics, dialysis centers) without ASPs is even greater. Further, only 48% of hospitals surveyed have all of CDC's recommended 7 core elements in place [9] .
UNIQUE VALUE AND EXPERTISE OF ID PHYSICIANS

Established Leaders
For many years, ID physicians have served in formal and informal leadership roles with quality improvement and patient safety initiatives, including system-wide efforts to improve the care of patients with infections through participation in the Centers for Medicare and Medicaid Services (CMS) core measures initiatives. ASP ID physicians are adept at ascertaining best medical practices, developing guidelines, interpreting new scientific information, implementing interventions, and communicating with stakeholders. Because many publicly reportable measures pertain to infectious diseases, ID physicians frequently serve as quality leaders at their institution (Table 3) . With such roles, ID physicians are accustomed to maintaining a long-term perspective, aligning systems to maximize goal attainment, and recognizing opportunities for change and improvement. ID physicians possess unique skills by virtue of their training that make them well suited to lead ASPs and maximize the potential of members of the multidisciplinary ASP team (Table 4 ).
Ability to Impact Prescriber Decision-Making
Most antimicrobials are prescribed by non-ID physicians and nonphysician prescribers. Changing their prescribing behaviors is the lynchpin of any successful effort to reduce inappropriate antimicrobial use [10] . ASP ID physicians can influence antimicrobial prescribing patterns by raising awareness of harms associated with unnecessary antimicrobial use and by drawing on their experience as leaders of multidisciplinary teams to build trust and consensus [11] . For example, physician-to-physician discussions occur naturally and constantly in the course of caring for patients. This type of interaction regarding antimicrobial use is more likely to be effective, particularly when major changes to antimicrobial therapy are warranted. Further, direct interactions are an opportunity to teach colleagues the basis for the suggested management plan.
In addition to directly interacting with prescribers, ID physician leaders of ASPs can support pharmacists and other members of the ASP teams during prospective audits of specific patient management or antimicrobial prescribing by providing guidance and intervening in complex or challenging cases. Many examples of ASPs with strong ID physician leadership demonstrate improved patient outcomes and lower antimicrobial use while reducing costs [12] .
Clinical Expertise
ID physicians possess unique firsthand experience in directing care of challenging cases across the spectrum of healthcare delivery venues. In practical terms, the ASP ID physician guides identification of patients who would benefit from an official ID consultation, may be at increased risk for adverse events, may need closer monitoring, or may have an enhanced response to alternate approaches.
Microbiology and Diagnostics
The Accreditation Council for Graduate Medical Education requires that ID fellowship training facilitate direct and frequent interactions with microbiology laboratory personnel to develop among the trainees in-depth knowledge of microbiologic principles that inform antimicrobial prescribing [13] . ID physicians, with strong support from microbiologists, use diagnostics and microbiologic data to drive ASP goals (Table 5 ) by guiding selection of appropriate diagnostics, avoiding unnecessary laboratory testing, accurately interpreting test results, and ensuring that results lead to appropriate prescribing behavior. For example, use of molecular technology to identify C. difficile infections (CDIs) may detect more CDI cases but also may detect colonization in asymptomatic patients, leading to inappropriate treatment and an increase in the hospital's reported rate of CDI (which is tied to reimbursement) [14, 15] . Finally, the clinical expertise of the ID physician leader of the ASP can allay concerns of nonexperts about "missing something"; such a fear often drives inappropriate antimicrobial prescribing. ASP ID physicians routinely track and follow trends in antimicrobial use and microbiology and thus are at the frontline to identify and manage emerging infections. For example, when high volumes of patients presented with H1N1 influenza in 2009 and a nationwide shortage of oseltamivir ensued, public health authorities required facilities to designate individuals to authorize release of oseltamivir to appropriate patients. Not only did ASP ID physicians typically fill this role, they also reviewed evolving guidelines, tailored guidelines to local patient populations and circumstances including choice of testing and criteria for prioritizing testing and treatment, disseminated guidelines, educated prescribers and the public, and served as liaisons to state and local public health systems [16] .
UNIQUE ROLE OF ASP LEADERSHIP: DISTINCT FROM ID CONSULTATION AND INFECTION PREVENTION
The role of the ID physician who performs formal consultation one patient at a time is distinct from that of ASP leadership. Since many more patients receive antimicrobial agents than formal ID consultation, the ASP ID physician improves the health and safety of an expanded patient population. Specifically, the ASP ID physician provides unique ID expertise, develops the program's goals and assesses progress, develops and updates recommendations for antimicrobial use, triages more complicated cases, works with a variety of prescribers, provides peer-to-peer education, and provides program leadership that includes cultivating a culture that supports stewardship as well as obtaining and maintaining commitment to, and critical support of, ASPs from administrators and fellow physicians.
These duties are distinct from those of the hospital epidemiologist or director of the institution's infection prevention program, even when an ID physician serves in these roles. For example, typical duties of the hospital epidemiologist include monitoring and reducing healthcare-associated infections, responding to outbreaks, and developing infection control policies, all of which are distinct but complementary to the function of ASPs. ID physicians are well suited to each of these roles, but the distinction is important.
Compensation Model for ASP
To ensure sufficient time and resources for quality ASPs, compensation for ASP ID-trained physician directors should be separate from that for leaders of hospital epidemiology and infection prevention programs. Payment models must appropriately compensate all ASP team members for time spent on stewardship activities [17] . Similarly, ASP ID physicians require protected time and full-time staff (appropriately scaled to facility size) to ensure their ability to conduct their ASP responsibilities balanced with other clinical, research, and teaching duties.
In making the business case for an ID physician-led ASP, it is appropriate to focus on the ASP's return on investment, manifested as better patient care and reduced antimicrobial use [18] . ASPs should track improvements in a variety of outcomes including fewer adverse drug reactions, less antimicrobial resistance, fewer CDIs, reduced overall harm, improved clinical outcomes, and less expense to the facility.
As physician reimbursement is changing from a relative value unit (RVU) to a value-based purchasing model, the compensation model for the ID physician leaders of ASPs should also change from RVU-based to value-based. A 2008 article recommended that $250/hour may be an appropriate rate for an ID physician for leading an ASP [19] , an amount that would need to be adjusted to 2017 dollars. Further, one should consider that stewardship is an evolving field, and this recommendation likely underestimates the true effort and expertise needed to implement ASP activities, properly measure progress and outcomes, and ensure compliance with regulatory mandates. Other ASP compensation options may provide a flat fee or stipend for ASP leadership. It is critical, however, that facilities not require a one-to-one ratio of cost savings to compensation, as many of the positive benefits of an ASP are not directly quantifiable.
The optimal number of full-time equivalents (FTEs) allotted to stewardship duties depends on several variables (Table 6 ) [20, 21] . These variables include the type of ASP activities to be undertaken, the depth to which those activities will be pursued, and the type and magnitude of the desired outcomes. Because of these many variables, no exact formula exists for calculating the most appropriate number of FTEs and potential associated overhead costs. Below are possible models for the role of the ID physician leader and illustrative examples of ASPs throughout the United States that highlight ID physician leaders and the successes realized under their direction.
Examples of FTE Support for ID Physician Leaders of ASPs
The distribution of ID physician and ID pharmacist FTEs depends on the time and skill sets of the ASP professionals. For example, if the ASP includes an ID-trained pharmacist, the 
The ID Physician Leadership of ASPs in Action
Throughout the country, many ASPs are already using ID physician leadership to deliver robust results. The examples below explicitly illustrate the role of ID ASP physicians in several different institutions.
Example 1:
The ID physician-led ASP at Miami Valley Hospital in Dayton, Ohio, reduced broad-spectrum antibiotic use in the ICU by 18% in its first year and by 28% after 2 years without a negative impact in regard to ICU mortality or length of stay. Antimicrobial days of therapy within the entire hospital dropped 5%-7% each of the first 2 years, with a cost savings of more than $1 million. The physician leader conducts most of the physician education and communication with providers on complex cases and issues. He also leads the ASP meetings, which are attended by all ID physicians at the facility and within the network. The ASP committee has been working to develop local guidelines for cellulitis, urinary tract infection, and pneumonia to help use appropriate antimicrobial selection and duration of therapy. In conjunction with the information technology department, the ASP provider has helped develop tools within the electronic medical record to rapidly clarify recent antimicrobial exposures during the current and past admissions to improve appropriate antimicrobial selection. Quarterly meetings are held with the hospital physicians to ensure familiarity between the ASP service and providers who are being contacted with the recommendations. Secure texting has made the ASP service more efficient and allowed 2-way communication in real time without relying of phone calls for each recommendation. Example 2: Under an ASP at the North Shore University Health System in Illinois, an ID physician reviews all new antimicrobial prescriptions and uses an antimicrobial assist tool to agree with the regimen started by the primary care physician or to suggest a therapeutic change or a formal ID consult. Pharmacists can directly recommend such changes, and ID physicians can mediate disagreements that may arise between ASP pharmacists and treating physicians. This ASP initially found that 25% of antimicrobial treatment in the facility was unnecessary. Importantly, more than 70% of the ASP ID physician and pharmacist recommendations were accepted, significantly reducing unnecessary antimicrobial use. This same group also identified that 5% of patients not needing antimicrobial therapy go on to develop CDIs when they are given unnecessary treatment. Example 3: The ID physician-led multicampus ASP at Montefiore Medical Center in Bronx, Ne York, showed a 10%-15% reduction in antimicrobial use across all classes and estimated direct pharmacy savings of more than $900 000 in its first 2 years. This has translated into greater appropriateness of antimicrobial use across several syndromes. For example, the use of appropriate antimicrobial agents for community-acquired pneumonia, which was a CMS core measure at the time, improved by more than 30%. The program has evolved since its inception in 2008. The ASP also more recently reduced CDI rates by up to 40% at campuses within the system. The antibiogram at all sites improved as well, with quinolone susceptibility of gram-negative bacilli improving by more than 10%. ID physicians (both adult and pediatric) oversee all aspects of this ASP, including education, development of prescribing tools, integration of diagnostics, prior authorization, and case review. Education activities are tailored to different prescriber types and include distribution of local microbiology data and a prescribing application for personal electronic devices. This includes activities tailored to the pediatric population at the children's hospital and across the spectrum of care (eg, emergency room, ambulatory care, and outpatient antimicrobial therapy program).
The pediatric program includes a pediatric ID physician and focuses on traditional specialized dosing systems for children and more complex algorithms for high-risk pediatric populations such as those undergoing bone marrow transplantation and requiring ICU care. Example 3: The ASP at Vanderbilt University Medical Center, Nashville, Tennessee, includes separate ASPs for the adult hospital and free-standing children's hospital. Each ASP includes an ID physician medical director and ID pharmacist co-leader. The adult and pediatric ASPs function independently but report to the same institutional pharmacy and therapeutics and quality committees. The children's hospital ASP conducts daily audit and feedback of broad-spectrum antimicrobial prescriptions on all inpatients and communicates recommendations through face-to-face discussions with hospital teams during daily "handshake" stewardship rounds. Both the physician and pharmacist co-leaders perform the stewardship interventions. In the 5 years since the ASP started at the children's hospital, the days of therapy/1000 patient-days have decreased by 50% and annual antimicrobial costs have decreased by $13 000.
MODELS FOR ACCESS TO ID PHYSICIAN-LED ASPS
Ideally all types of facilities could implement their own ID physician-led ASPs, but on-site ID presence may be a limited resource, particularly in small and rural hospitals and in other healthcare settings apart from acute care hospitals. Several models exist that can extend the reach of the ID physician to direct ASP activities at all types of facilities. For example, contractual agreements can permit ID physicians to provide off-site leadership combined with limited in-person services in collaboration with on-site personnel. These arrangements can be low tech and scaled according to facility size and resources. A recent review of ASPs in small hospitals suggested multiple strategies for increasing ID physician leadership in these settings, including pooling resources among multiple facilities, using healthcare system resources, taking advantage of state-based efforts and collaboratives, and using telehealth [22] .
Although not essential to development of a remote stewardship program, innovative technologies can be used to develop a tele-antimicrobial stewardship program (TASP) in healthcare settings where an ID physician may not be regularly present (Table 6) .
A TASP allows physicians in urban centers to connect to other hospitals and facilities regardless of geography, allowing a single ID physician to lead multiple ASPs outside their home institution. TASP technology is fully capable of ensuring compliance with privacy and security requirements, and options exist in every price sector (Table 7) .
ID physician-led TASPs have been demonstrated to result in measurable clinical benefits (Table 8) . In one example, the Ukiah Valley Medical Center (UVMC) in California initiated an ASP in 2013 that used TASP to facilitate ID physician leadership. The program began with a comprehensive review of current prescribing, the hospital antibiogram, and the antimicrobial formulary. An ASP committee was assembled that then developed treatment guidelines. In addition, the TASP ID physician conducted a series of educational activities and daily tele-stewardship ASP rounds to review antibacterial therapies. In the first 6 months of this program, UVMC experienced a 1.4% reduction in antimicrobial days and a savings in antimicrobial costs of $16 per patient-day, translating to a savings of $93 072. In 2014, the number of antimicrobial days was further reduced by 2.3% and antimicrobial cost decreased by an additional $27 per patient-day. The result has been a total reduction of $43 per patient-day compared to 2012 levels, translating to a savings of $267 417 in antimicrobial costs at UVMC [23] .
SUMMARY OF RATIONALE FOR ID PHYSICIAN LEADERSHIP OF ASPS
ID physicians are well equipped to lead multidisciplinary ASPs given their training, expertise, and experience. An ASP should also include at least 1 pharmacist, ideally with subspecialty training in ID. While ID physicians and pharmacists may often have the most central roles in an ASP, all members of the ASP team, including microbiologists and infection preventionists, provide distinct skills of great value. ID physicians possess unique expertise regarding the diagnosis and treatment of infections. They are already viewed as leaders in many institutions because of their involvement in hospital epidemiology, quality improvement, infection prevention, and patient safety activities. ID physicians are best suited to drive the culture change necessary to establish stewardship as a valuable, widely accepted practice across the healthcare community that changes the behaviors of fellow clinicians (Figure 1) . Further, ID physicians have a distinct understanding of the public health impacts of antimicrobial stewardship and antimicrobial resistance and enjoy a connection to the broader public health system, all of which give them the ability to impact population health.
RECOMMENDATIONS
IDSA, SHEA, and PIDS are committed to optimizing patient outcomes and minimizing the unintended consequences of antimicrobial use through proper and effective antimicrobial stewardship. Implementing the following recommendations will ensure that ASPs are well developed and properly led. ✓Be knowledgeable about local resistance and national prescribing trends ✓Impact antimicrobial choice, dosage, duration ✓Ability to work with and lead prescribers from multiple disciplines
The next day, the blood cultures were positive. The hospital used a new PCR-based rapid identification method that indicated that the bloodstream organism was highly antimicrobial susceptible. The next day, the blood cultures were positive. The hospital used a new PCR-based rapid identification method that indicated that the bloodstream organism was highly antibiotic susceptible. Prior to implementation of this technology, the ID physician leader of the ASP created a protocol by which these results trigger an immediate review of the ordered antimicrobials.
✓Lead the effort to use new diagnostics ✓Work to integrate diagnostics and ASP ✓Act as an experienced leader ✓Act as an activator of change
The pharmacist charged with managing the hospital's ASP appropriately recommended a change to a narrower-spectrum antimicrobial based on the susceptibility test results. However, the patient's physician was not comfortable relying on the advice of a nonphysician and therefore continued broad-spectrum antimicrobials. The ASP pharmacist contacts the primary team to discuss narrowing antibiotic therapy.
When the patient's physician is reluctant to alter treatment, the pharmacist brings the issue to the attention of the ASP ID physician leader, who then contacts the primary team and provides the physician support of the recommendations given by the pharmacist. The interaction also provides broader education regarding testing, local microbiology, and prescribing for future patients. Although he was eventually stabilized after a 3-week hospital stay, he was unable to care for himself at home and so was sent to a long-term acute care hospital. Mr. Smith is discharged home in less than 1 week and makes a complete recovery.
✓Drive quality improvement and patient safety through optimal antimicrobial prescribing While at the acute care hospital, his C. difficile was transmitted to his roommate, whose discharge was delayed due to this infection.
The prospective roommate does not develop
C. difficile and is discharged as scheduled. ✓Have an understanding of the complementary nature of ASP and infection prevention and control issues ✓Be able to work across the spectrum of care ✓Potentially impact antimicrobial use, antimicrobial resistance, and other adverse effects of antimicrobial overuse in nonacute care settings
The term "antimicrobial" includes antibiotics, antivirals, antifungals, and antiparasitics and biologic agents such as antibodies with activity against microorganisms. Abbreviations: ASP, antimicrobial stewardship programs; ICU, intensive care unit; ID, infectious diseases; PCR, polymerase chain reaction.
preventionists are also key ASP team members bringing valuable and unique expertise. 2: Appropriate resources, including reimbursement and protected time for stewardship activities, must be provided to ID physicians and other members of the stewardship team. Resource allocations, including FTEs, must be scaled to the facility type and size, as well as patient population. Duties required to lead ASPs must be recognized as distinct from other roles played by ID physicians. 3: Different models must be supported based on institutional needs for effective ID physician-led stewardship that varies across all types of healthcare facilities in the continuum of care. Contractual agreements, part-time and off-site ID physician services, resource sharing among compatible facilities and across health systems, and use of telemedicine tools can all be helpful in achieving this goal.
CONCLUSIONS
The national landscape has changed rapidly to recognize the importance of ASPs across the spectrum of care. To be effective, ASPs must be multidisciplinary, with skilled leadership from professionals who are dedicated and compensated for ASP work. IDSA, SHEA, and PIDS are committed to providing the rationale, evidence and concrete examples to demonstrate that ID physicians are uniquely trained, experienced and best suited to lead ASPs. ID physician-led ASPs can improve both individual patient outcomes and facility health measures, reducing harm and preserving antimicrobial effectiveness for the entire population. To this end, the case vignette from the beginning of this white paper is presented alongside a modified version to show the potential impact of an ID physician-led ASP on the management and outcome of a patient with sepsis Table 9 . The table highlights the key opportunities where an ID physician leading an ASP can intervene to make and enact meaningful improvements for this patient, which translates into positive outcomes for other patients and facilities. This document serves as a call to action for stakeholders. Recent ASP mandates can deliver their intended goals to reduce drivers of resistance, improve patient care, and provide great value to healthcare facilities and communities when implemented with appropriate leadership and resources.
